Abstract: : A convenient synthesis of 2,5-bisarvlfurans, 2,5-bisbenzylfurans and 2,5-bisbenzoyIfurans employing 2.5-bis(tri-n-butylstannyl)furan and palladium catalyzed cross-coupling reactions is described.
Introduction
The synthesis and chemistry of furans remains of considerable current interest as a consequence of the their presence in natural products and their utility as pharmaceuticals and synthetic tools (1) . We have an interest in 2,5-diarylfurans and related compounds as DNA minor-groove binding agents which show promise as chemotherapeutic agents (2) (3) (4) (5) (6) . A classical approach, the Paal-Knorr method, of synthesis of 2,5-diarylfurans employs acid catalyzed cyclodehydration of 1,4-diketones (7) . Often synthesis of a requisite 1,4-diketone represents a considerable synthetic challenge. The methodology of Stetter which employs thiazolium catalyzed nucleophilic addition of arylaldehydes to divinylsulfone represented a significant advance in the convenient synthesis of 1,4-diaryl-l, 4-diketones (8). Despite the utility of the Stetter approach it has limitations, for example, when strong electron withdrawing groups are present on the aryl rings the method results in very low yields or fails (9) . A classical method for formation 2,5-bisbenzylfurans and 2,5-bisbenzoylfurans, which also is limited by the presence of strong electron withdrawing groups, uses Friedel-Crafts strategies (10) . This approach is also limited due to the high reactivity of furan and therefore these reactions are often difficult to control (10). 2,5-Diarylfurans bearing cvano or nitro groups on the aryl rings are important for our program of synthesis of DNA minor-groove binders (2-6). A potential approach for preparation of 2,5-diarylfurans, which has not been extensively explored, involves the use of palladium catalyzed cross-coupling reactions using Stille chemistry. The coupling of arylstannanes with 2.5-dibromofuran has been reportedi 11); however, the latter compound is not readily available and this route requires the inconvenience of individual preparation of arylstannanes.
The preparation of 2,5-bis (trimethylstannylj furan (12) and 2,5-bis (tri-n-butylstannyl) furan (13) has been reported. The two stanny I furans, respectively, were converted to halofurans and to polyphenylene-coVol. 5, No. 4, 1999 Palladium catalyzed cross-coupling reactions for the synthesis of 2.5 disubstitutedfurans furan. The use of bis-stannyl compounds in Stille reactions has been rather limited ! 14) . with the exception of the detailed studies with 3.4-bis (tri-n-bulvlstannyl) furan (15) . We describe here the successful application of Stille cross-coupling chemistry for the preparation of 2.5-disubstitutedfurans.
Results and Discussion
The palladium catalyzed reactions of 2,5-bis(tri-/i-butylstannyl)furan with aryl bromides (2-7) in dioxane solution at 90-100"C for 12-24 hours gave 2,5-diarylfurans in good yields; ranging from 70 to S6%(see Scheme 1 and Table 1 ) (16) . One case, that of 8. gave a 50% yield. The two aryl iodides used in coupling reactions 1 and 9 gave 5S% and 77% yield , respectively, of the expected 2.5-bisarvlfurans. However, in these cases it was necessary to use D.VLF as the solvent since when dioxane was employed only modest yields (-20%) were obtained. Interestingly, Yang and Wong (15) noted that 3,4-bis (tri-nbutvlstannyl)furan coupled poorly with aryl iodides and had to use Cul as a co-catalvst along with Pd (PPh,) 4 to obtain a good yield of the bisarylfurans. In our cases, a simple change of solvent to DMF gave useful yields. Cross-coupling with heteroaryl bromides (10-13) also gave good yields in the approximately 70% range: thus providing a convenient method for preparation of aromatic triheterocvles.
Schemel, a) RX, Pd(PPh3)4l dioxane or DMF (See Table 1 )
Stille cross-coupling reactions employing benzyl halides are well documented (17) . The reaction of 2,5-bis(tri-/!-butylstannyl)furan with benzyl chlorides 14 and 15 gave the expected 2,5-disubstitutedfuran products, however the yields were only moderate; in the 50% range. Cross-coupling using the benzyl bromide 16 gave a somewhat higher yield, 69%, of the 2,5-disubstitutedfuran product. This approach provides a simple method for obtaining these bis-benzylfurans.
The coupling of arylstannanes with carboxylic acid chlorides is a useful approach, under mild conditions, for ketone synthesis (18) . In the case of 2,5-bis (tri-n-butylstannyl) furan coupling with aryl acid chlorides worked reasonably well, however, the yields were only in the 40% range( see example 17 and 18).
a)
A. Kumav et eil The use of 2,5-bis(tri-n-butyIstannvl)furan in palladium catalyzed cross-coupling reactions provides a convenient one step process for preparation of a range of 2.5-disubstitutedfurans which are often difficult to obtain. This method provides an attractive alternative to other approaches we have employed for the preparation of 2.5-diarylfurans (19) , especially for those containing strong electron withdrawing groups.
